Abstract. The objective of this study was to ascertain risk factors for complications (reactions or neuritis) in leprosy patients at the time of diagnosis in three leprosy-endemic countries. Newly diagnosed patients were enrolled in Brazil, the Philippines, and Nepal, and risk factors for reactions and neuritis were assessed using a case-control approach: "cases" were patients with these complications, and controls were patients without complications. Of 1,972 patients enrolled in this study, 22% had complications before treatment. Type 1 reaction was diagnosed in 13.7% of patients, neuritis alone in 6.9.%, and type 2 reaction in 1.4%. The frequency of these complications was higher in Nepal, in lepromatous patients, in males, and in adults versus children. Reactions and neuritis were seen in patients at diagnosis, before treatment was started. Reactions were seen in adults and children, even in patients with only a single lesion. Neuritis was often present without other signs of reaction. Reactions and neuritis were more likely to occur in lepromatous patients, and were more likely to be seen in adults than in children.
INTRODUCTION
"Reactions" are systemic inflammatory complications often presenting as medical emergencies during the course of treated or untreated leprosy, an infection that is otherwise remarkably indolent. Two major clinical types of leprosy reactions occur; together they may affect 30-50% of all leprosy patients. [1] [2] [3] Because Mycobacterium leprae infect peripheral nerves, the inflammation associated with reactions often leads to severe nerve injury with the possibility of subsequent paralysis and deformity. These reactions appear to have different underlying immunologic mechanisms, but both are poorly understood and the factors that initiate them are completely unknown. 4 Endocrine influences in the initiation of reactions have long been proposed. 5 Reports have indicated that leprosy reactions may be affected by pregnancy and lactation 6, 7 and puberty, 5 for example. In lepromatous males, insufficiency of testicular hormone secretion has been documented, 8, 9 resulting in gynecomastia and impotence. Interaction between the immune and endocrine systems is well established, 10 and recent reports have suggested the interplay between endocrine hormones and cytokines in leprosy, 11, 12 offering a possible mechanistic basis for the potential influence of hormones on immunity in leprosy. The possibility that hormonal influences on immunity may initiate or modulate acute leprosy reactions is of great clinical importance, because these reactions are responsible for much of the morbidity and nerve injury in this disease.
This report describes the methodological issues and the baseline data of a multicenter study assessing clinical and endocrine factors for leprosy reactions in three endemic countries. We compared the demographic and clinical characteristics in newly detected leprosy patients in three countries. The potential risk factors for leprosy reactions and neuritis at the time of diagnosis were assessed using a case-control approach.
METHODS
Study design and setting. This study was designed as a multicenter cohort. Baseline data from all patients enrolled were analyzed. Comparisons were made between patients with complications (T1R, T2R, or neuritis) and patients who did not have these complications using a case-control approach.
Patients were enrolled at four clinics in three endemic countries: in Brazil, at the Reference Center for Diagnosis and Treatment, in Goiania-Central Brazil (population 1.2 million, leprosy prevalence 6.5/100,000), and at the Fundacao Alfredo da Matta in Manaus-North Region (pop. 1.6 million, prevalence of 5.8/100,000); in the Republic of the Philippines at the Eversley Childs Sanitarium, Leonard Wood Memorial, Cebu (pop. 4 million, leprosy prevalence 0.34/100,000); and in Nepal at Lalgadh Leprosy Services Center, Lalgadh (three Terai districts pop. 2.0 million, prevalence 13.4/100,000). These sites were selected based on substantial patient recruitment, established local expertise and experience in diagnosis, classification, and management of leprosy by physicians, and experience in clinical-epidemiological research studies. The field study was conducted between the years 2003 and 2008.
Eligibility criteria. All newly diagnosed leprosy patients were eligible for the study, regardless of age, gender, or other illness. The exclusion criteria were treatment with corticosteroids before enrollment, or anticipated lack of follow-up, usually caused by distance of residence from the clinic.
Leprosy classification and diagnosis of reactions and neuritis. Leprosy classification was performed using the RidleyJopling scale, 13 and the definition of reactions followed standard criteria.
14,15 A diagnostic skin biopsy was obtained from each patient agreeing to this procedure; biopsies were evaluated by an experienced pathologist. When skin biopsies were not available, skin smears were used to assist in classification. A type 1 reaction (T1R) was diagnosed when a patient had erythema and edema of the skin lesion, sometimes accompanied by edema of the hands, feet, and face. A type 2 reaction (T2R) was diagnosed by the onset of crops of tender erythematous lesions anywhere on the body. Either reaction may be accompanied by neuritis, malaise, and fever. The skin signs were obligatory; the nerve and systemic signs optional. For this initial data analysis, neuritis was defined as the presence of pain, tenderness, or loss of function at the time of diagnosis or within 3 months before diagnosis.
Data collection. All clinics used a standard protocol to document the demographic characteristics, weight and height of patients, aspects of endocrine history, date of last menstrual period, gestational history, and current and past co-morbidity. The physical examination was performed by experienced doctors, and included a chart to draw the lesions and a special form to report results of sensory and motor function tests.
Case-control approach. Cases were newly detected leprosy patients diagnosed with T1R or T2R or neuritis at baseline. Controls were newly detected leprosy patients who did not have T1R or T2R or neuritis at the time of initial diagnosis.
For the baseline data on all patients enrolled, three casecontrol approaches were performed: 1) combining all patients with acute leprosy events (T1R, T2R, or neuritis) as cases compared with patients without acute events as controls; 2) selecting patients with T1R as cases versus controls; 3) selecting patients with neuritis as compared with controls. Type 2 reaction was not analyzed separately because of the low frequency of this event at baseline. We combined data from patients recruited in both cities in Brazil (Goiania and Manaus Clinical forms classified as indeterminate, pure neural, and single lesion types were combined and designated indeterminate for purposes of analysis. The number of days since the last menstrual period to the initial visit was calculated for all fertile women (13-45 years of age), who were not pregnant or lactating at baseline. This period was compared for women with or without reactions/ neuritis. When the last menstrual period was 40 days before initial medical visit the record was excluded.
Exploratory data analysis, including box-plot, medians, and standard deviation were calculated for the assessment of the time since reaction. The χ 2 tests were applied to compare differences of proportions of reaction types among sites.
Means and medians were calculated to summarize continuous variables. Analysis of variance (ANOVA) with the post hoc test (Tamhane's test for unequal variance assumption) were used to identify homogeneous subsets for the variables age and BMI among the sites. The P values 0.05 were considered statistically significant. All statistical tests of hypotheses are two-sided.
Case-control analysis. We applied unconditional logistic regression to assess risk factors associated with the different types of events at baseline. Adjusted odds ratios (ORs) and 95% confidence levels for risk factors were estimated from their respective model coefficients in the multivariate logistic regression model. Only risk factors with P values 0.10 in univariate analyses were included in the final multivariate models. All statistical analyses and graphics were produced with SPSS (version 18; SPSS Inc., Chicago, IL).
Sample size. For the case-control approaches, the following parameters were used to assess the statistical power and confidence levels: 1,531 controls and 35% of exposure among the control group. For the first approach, the sample size of 434 cases (T1R or T2R or neuritis) compared with controls, was sufficient to estimate an OR 1.5 with 95% confidence and power levels. For the second analysis, the sample size of 270 cases (T1R) compared with controls were sufficient to estimate an OR 1.5 with 95% confidence level and 80% power. For the third case-control approach, the sample size of 136 cases of neuritis compared with controls were sufficient to estimate an OR 1.8 with 95% confidence level and 80% power. We used all controls for the analyses to achieve optimum power to detect associations.
Ethical considerations. The study was approved by human studies committees in each country. Consent forms were prepared in the patient's own language. Patients were registered in the study after obtaining written informed consent (or the guardian of the patients when children or adolescents). The study was reviewed and approved by the authorized ethical committee at each site. † RESULTS Patients' characteristics. A total of 1,972 newly untreated leprosy patients were recruited; 53.3% were from Nepal, 33.4% from two Brazilian sites, and 13.3% from the Philippines. In all sites the majority of the cases were detected in patients 15 years of age. There was a statistically significant difference of mean age by settings using the ANOVA approach for multiple comparisons, and the post hoc test detected that the participants recruited in Goiania were older compared with the other sites, which represented a homogenous subset. There was a predominance of male patients in all sites and the ratio between males and females was more than two in the Asian countries. The nutritional status was in the normal or overweight range for the majority of the patients recruited in Brazil. In contrast, 50.5% of patients recruited in Nepal were considered underweight with 3% of patients considered overweight. There were three homogeneous subgroups considering the BMI variable; Nepal had the lowest mean BMI (18.8; SD = 2.7); followed by Cebu 22.3 (SD = 3.5); and the third subgroup comprised the two Brazilian Goiania and Manaus with 24.6 (SD = 4.4) and 25.6 (SD = 4.8), respectively. In Brazil, 59.8% and 34.5% of the patients were classified as BT cases, in the Central-West region and North region, respectively. In the Philippines, BL and LL types were the predominant classifications (43.3% and 27.4%, respectively). In Nepal the patients classified BT were 44.4% of the recruited cases, followed by 18.6% with the Indeterminate form and 14.6% were TT. Overall, indeterminate forms represented 12% of the participants ( Frequency of reactions and neuritis. At baseline 435 (22.1%) out of 1,972 patients had T1R, T2R, or neuritis. Overall, the most frequent event was T1R (13.7%) followed by neuritis with no signs of reactions (6.9%) and T2R (1.4%). These complications were observed in about 15% of all patients in Brazil and in the Philippines, statistically lower than the percentage (~30%) found in Nepal (χ 2 = 49.7; P 0.001). Among those who had reactions at the time of diagnosis, T1R was diagnosed in 17.4% of new patients in Nepal,~10% in Manaus, and Cebu and 8% in Goiania. The frequency of T2R at the time of diagnosis varied from 0% to 3% (Table 1) .
Type 1 reaction was observed in 14.6% of males and 12.1% of females, and T2R in 1.6% and 1.7%, respectively. Figure 1 shows the occurrence of events by age group, by clinical forms, and sex. Of 614 females, 73 (10.8%) had T1R, the most frequent event in all age groups, followed by neuritis (5%). T2R were present in only 8 out of 614 newly diagnosed females (1%), in BB, BL, and LL types ( Figure 1A and B) . Of 1,186 males 190 (16.0%) presented T1R at the time of diagnosis, followed by 8.8% with neuritis and 1.7% of T2R ( Figure 1C and D) . Simultaneous occurrence of both reactions was recorded in 4 patients (0.9%).
Risk factors assessment. In the univariate analysis, patients recruited in Nepal had a higher risk of developing any adverse event (OR crude = 2.25; 95% confidence interval [CI] 1.73-2.93) when compared with patients recruited in the Brazilian sites males were more prone to develop reactions or neuritis than females (OR crude = 1.49; 95% CI 1.17-1.90). There was an upward trend to the occurrence of any adverse event in older age groups. The risk of reaction or neuritis associated with nutritional status was greater for the underweight group (OR crude = 1.09; 0.82-1.46) when compared with the normal BMI category. However, difference in the nutritional status was not statistically significantly associated with the cases with reactions or neuritis compared with controls and therefore this variable was not included in the multivariate models (data not shown).
In multivariate analysis, patients recruited in Nepal had 2-fold increased risk of having any event (OR adjusted = 2.62; 95% CI 1.81-3.79) compared with patients from Brazilian settings, after adjusting for the potential confounders (Table 2) . Male patients were more prone to have reactions (OR adjusted = 1.33; 95% CI 1.05-1.79) compared with females. A trend was observed between increasing age and the development of complications (reactions or neuritis). The multibacillary (MB) forms were more likely to be independently associated with reactions or neuritis combined.
The association between risk factors for T1Rs at the time of diagnoses is shown in Table 3 . Older age groups were only marginally associated with T1R or neuritis.
The risk of neuritis at time of diagnosis was higher in Nepal (OR adjusted = 2.5, 95% CI 1.64-3.83) compared with Brazil (Table 4 ). The risk of neuritis was greater in males than females, and greater in MB than paucibacillary (PB) cases (OR adjusted = 1.58, 95% CI 1.05-2.37).
Reactions related to the menstrual cycle. Because the menstrual cycle reflects well-established fluctuations of gonadotrophic hormones, we attempted to determine whether the occurrence of reactions could be associated with specific phases of this cycle. Of the 673 women about 60% were during reproductive age, with similar frequencies among sites. The majority of these women did not present signs of reactions at the onset of the diagnosis ( Table 5 ). The box-plot distribution of the length of time between the last menstrual period and reaction is shown in Figure 2 , stratified by recruitment site.
DISCUSSION
This multicenter study of nearly 2,000 patients provides a contemporary picture of the prevalence of reactions and neuritis in leprosy in four clinics in three widely separated endemic countries, and enables comparisons between them. Data collection for this study separated the occurrence of neuritis alone from that occurring during reactions. The evidence here indicates that neuritis is a complication of leprosy that is often not associated with the other clinical signs and symptoms of reaction, although other studies have clearly shown that neuritis does often complicate reactions, also. 15, 17, 18 Because both T1R and T2R were observed at the initial diagnostic visit, before the start of treatment (in 13.7% and 1.4% of patients, respectively), it is evident that leprosy reactions are not necessarily the result of treatment. These findings are in agreement with the results of a large retrospective study in India~10 years ago 3 in which 30.9% of patients had a reaction at the time of the first visit, but indicate a greater prevalence of reaction at the time of diagnosis than observed in Ethiopia (9.8%) in the late 1980s. 1 Although the factors that may trigger T1R are not known, recent studies 19, 20 have suggested some genetic associations with a higher risk of leprosy reactions. If there is a genetic susceptibility to T1R or T2R, this risk may then be expected to apply before treatment has begun.
Reactions and neuritis were observed in children ( 14 years of age), both male and female, with all forms of leprosy ( Figure 1A and B). However, children had the lowest incidence of these complications and, as noted in Table 3 , the risk of reaction appeared to be correlated with increasing age. This is consistent with prior reports of the association of T1R with older age. 21 It is notable that T1R and neuritis were observed in a substantial number of children with indeterminate or single-lesion disease. Previous studies have also observed T1R in single-lesion disease. 22 Although these are generally considered to be milder forms of leprosy, and short treatment regimens have been encouraged by some, 16 the presence of these complications during multidrug therapy is a reminder that even early leprosy is a serious disease and must not be underestimated.
Among all LL and BL patients in this study, T2R was much less frequent than T1R, in contrast to the previous findings in Thailand in the 1980s in which T2R was slightly more prevalent than T1R (25% and 20%, respectively) in lepromatous patients. 2 This may be influenced by the ethnic group studied; among Ethiopian patients, also studied in the late 1980s, T2R represented only about 10% of all reactions among MB patients. 1 However, in this study of patients in South American and Asian populations, the overall prevalence of reactions is remarkably consistent. The T2R may also have been underestimated in this study as a result of the exclusion of patients who had received prednisone at local health centers prior to the diagnosis of leprosy. Although many patients in this study were underweight, nutritional status was not a risk factor for the development of reactions or neuritis.
To test the hypothesis that endocrine changes might precipitate reactions, we asked whether the timing of reactions in women is related to the different phases of the menstrual cycle. But such an association could not be shown with the study design and methods used. A substantial number/percentage of women did not present to the clinic in a timely manner after the onset of reaction symptoms and the resulting data collected included time spans of more than a month for both the history of onset of reaction symptoms and the date of last menstrual period. Additional findings concerning the possibility of an association between reactions and levels of circulating hormones will be presented in a future report.
CONCLUSIONS
Reactions and neuritis (without reaction) occurred in all age groups and all types of leprosy, with an overall frequency that was similar in different parts of the world. Neuritis, a complication of leprosy that may occur during reactions, often was not associated with the other clinical signs and symptoms of reaction in this study. In all populations studied, T1R greatly outnumbered T2R. Although children had the lowest incidence of reactions and neuritis, these complications occurred in many children with single-lesion disease. The risk of reaction appeared to be correlated with increasing age.
In a multivariate analysis, nutritional status was not a risk factor for the development of reactions or neuritis. No association was identified between the timing of reactions or neuritis and phases of the menstrual cycle; long delays in seeking medical attention and uncertainties about the time involved made it impossible to reach conclusions about this with certainty.
